Objectives: Adverse childhood experiences (ACEs) have been linked to a variety of diseases in adulthood, including cancer. However, current research has yet to determine if all abuse types are associated with cancer and if women are more adversely impacted by ACEs than men. Methods: Data from the 2011 Behavioral Risk Factor Surveillance System, a national survey of American adults 18 and older (N ¼ 111,964) were analyzed. Logistic regression models were fit to estimate odds of ever being diagnosed with cancer after experiencing one or more of eight different ACEs, while adjusting for potential confounders. These analyses were then stratified by gender. Results: Among women, childhood experiences of physical abuse, sexual abuse, emotional abuse, living with someone who was mentally ill, living with a problem drinker, living with a drug user, and living in a household where adults treated each other violently were associated with higher odds of cancer. Among men, only emotional abuse was associated with higher odds of cancer. Conclusions: Results suggest that ACEs increase risk of cancer later in life. However, this impact occurs mostly among women. This finding may be because women experience many ACEs at higher rates than men and because women, via sexual abuse, can be exposed to cancer-causing viruses.
with increased odds of cancer in adulthood (Fuller-Thomson, Bottoms, & Brennenstuhl, 2009) . Similarly, research has suggested child sexual abuse is associated with increased risk of cervical cancer (Coker, Hopenhayn, DeSimone, Bush, & Crofford, 2009 ). Specifically, women who have been sexually abused as children have double the risk of cervical cancer, when compared with those who have not been abused (Coker et al., 2009) .
When researchers have attempted to examine the impact of different ACEs on cancer health in the same population, inconsistent results have been noted. For example, when extracting three factors from ACE items, only the factor with the strongest loading on measures of sexual abuse was associated with elevated odds of cancer (Brown, Thacker, & Cohen, 2013) . Conversely, when comparing the impact of child abuse and household dysfunction, a study in the rural United States found that experiencing any child abuse was not associated with odds of cancer, whereas experiencing any household dysfunction was associated with a lower odds of cancer (Iniguez & Stankowski, 2016) . In all, available evidence suggests that the impact of individual ACEs is not uniform; given variability, the practice of summing items or creating categorical measures of ACEs may obscure associations (Alcal a, von Ehrenstein, et al., 2016) . This is important because, as some have argued, not all ACE items may be linked to cancer by the same mechanisms or to the same degree (Alcal a, 2016) .
Limited cross-sectional research has explored the role of gender in the association between ACEs and cancer. In the Behavioral Risk Factor Surveillance System (BRFSS), women experience higher rates of most ACEs, including sexual abuse (Centers for Disease Control and Prevention, 2010) . This is of concern in relation to cancer because sexual abuse can involve exposure to the human papilloma virus or human immunodeficiency virus (Lindegren et al., 1998; Rogstad, Wilkinson, & Robinson, 2016) ; both viruses are associated with an increased risk of cancer (Engels et al., 2008; Walboomers et al., 1999) , with human papilloma virus being of particular concern for cervical cancer. In the cancer context, experiencing any child abuse is more strongly associated with cancer among women than men (Afifi et al., 2016) . Experiences of physical, but not emotional, abuse increase the risk for cancer for both men and women (Morton, Schafer, & Ferraro, 2012) . Overall, the gender-specific impact of ACEs and cancer has received limited attention, but available evidence suggests that women have a greater exposure to ACEs and female survivors of ACEs are more adversely impacted than are males. Consequently, we hypothesize that the association between ACE items and cancer will depend on gender, such that female ACE survivors will have a higher odds of cancer, relative to male survivors.
Materials and Methods

Data Source
The present study used publicly available data from the 2011 BRFSS, thus not requiring institutional review board approval. This multistage, random digit dial telephone survey is designed to be representative of noninstitutionalized adults (ages 18 and over) living in all U.S. states and some territories. The BRFSS is conducted on an annual basis (Centers for Disease Control and Prevention, 2011a) . A core set of questions were asked of all participants in all states and territories (Centers for Disease Control and Prevention, 2011a) . Optional modules of questions were asked of all or some participants in states electing to administer them (Centers for Disease Control and Prevention, 2011a). Data on core questions were collected using both landlines and cell phones in all states, and optional modules were administered with landlines and/or cellphones (Centers for Disease Control and Prevention, 2011a) . For the 2011 BRFSS, 10 states (California, Maine, Minnesota, Montana, Nebraska, Nevada, Oregon, Vermont, Washington, and Wisconsin) administered a module that measured ACEs (Centers for Disease Control and Prevention, 2011b). Among these 10 states, the median weighted American Association for Public Opinion Research response rate (RR4) was almost 50%, which is better than other telephone-based surveys in the U.S. (BRFSS, 2013a) .
Among the 10 states that administered the ACEs module, 131,686 respondents participated in the BRFSS. Individuals with missing data (i.e., missing or responses of "don't know" or "refused") on any variable used in the present analyses were excluded, resulting in an analytic sample size of 111,964.
Measures
The main independent variables of interest were measures of childhood adversity. These were measured in the BRFSS with the widely used ACE scale, which assesses adversity occurring before age 18. The psychometric properties of the ACEs scale have been examined among both clinical and community-dwelling samples and have shown good internal consistency and strong correlations with other self-reported measures of adversity (Ford et al., 2014; Murphy et al., 2014; Wingenfeld et al., 2011) . The 11-item scale includes measures of child abuse as well as household dysfunction (Felitti et al., 1998) . These questions were: 1) "How often did a parent or adult in your home ever hit, beat, kick, or physically hurt you in any way? Do not include spanking."; 2) "How often did a parent or adult in your home ever swear at you, insult you, or put you down?"; 3) "How often did anyone at least 5 years older than you or an adult, ever touch you sexually?"; 4) "How often did anyone at least 5 years older than you or an adult, try to make you touch them sexually?"; 5) "How often did anyone at least 5 years older than you or an adult, force you to have sex?"; 6) "Did you live with anyone who was depressed, mentally ill, or suicidal?"; 7) "Did you live with anyone who was a problem drinker or alcoholic?"; 8) "Did you live with anyone who used illegal street drugs or who abused prescription medications?"; 9) "Did you live with anyone who served time or was sentenced to serve time in a prison, jail, or other correctional facility?"; 10) "Were your parents separated or divorced?"; and 11) "How often did your parents or adults in your home ever slap, hit, kick, punch, or beat each other up?" Because the California BRFSS did not have any data for the item on imprisonment and jail, this item was not included. All items were coded to indicate if the respondent had experienced the specific adversity in question. Based on evidence from prior studies indicating that sexual abuse measures in the ACE scale capture the same underlying construct (Brown et al., 2013; Ford, et al., 2014) , the three items measuring sexual abuse were combined to create a singular measure of sexual abuse. This yielded eight ACE measures.
Existing research has treated the ACEs module as a count of experiences or extracted factors, and this greatly limits our understanding of how these experiences impact later health outcomes. Specifically, because these experiences have unique characteristics, treating them as interchangeable does not advance our understanding of how and if each of these experiences impact disease. For example, as noted, sexual abuse is associated with increased risk of infections that are associated with cancer, suggesting that some adversities have biological pathways linking to disease that are likely irrelevant for other adversities. Also, as others have argued, some ACEs, like parental divorce or separation, are becoming more normative over time (Finkelhor, Shattuck, Turner, & Hamby, 2015) . Consequently, not all ACEs may be equally deleterious. Thus, the present analyses do not sum these ACEs into a count.
The dependent variable of interest, lifetime cancer diagnosis, was assessed with a single item. This item indicated if a doctor had ever told the respondent that they had cancer. Because of the frequently benign nature of skin cancer, only non-skin cancer cases were coded as having the disease. This coding scheme is consistent with previous studies (Alcal a, 2014; Alcal a et al., 2017) .
Several variables were included as potential confounders, based on existing literature (Alcal a, 2014; Brown et al., 2010; Felitti et al., 1998) . Age was included as a continuous variable. Race or ethnicity was measured using a categorical variable representing race and ethnicity category combinations: non-Latino White, non-Latino Black or African American, non-Latino Asian, non-Latino other race, and Latino. Non-Latino Whites served as the reference group. A respondent's state of residence was measured using a categorical variable representing the 10 states included in this study. Years of education completed was computed by recoding educational attainment from the original categories (i.e., kindergarten or less, 1st through 8th grade, 9th through 11th grade, high school graduate, 1-3 years of college, and 4 years of college) to continuous values that represented the midpoint of the category in terms of years of education, except for the last category, which was coded to 16 years. Ever smoking (i.e., smoked 100 cigarettes in one's lifetime) was included as a potential confounder. Although the BRFSS includes a measure of current smoking status, ever smoking was preferred because cancer diagnoses may lead people to stop smoking, thus obscuring the nature of the association between smoking and cancer. Finally, gender (men or women) was used to stratify analyses.
Statistical Analyses
All analyses were conducted using Stata 14.1 (StataCorp, College Station, Texas). Weights were used to account for survey design (BRFSS, 2013b) . Univariate statistics were computed for all variables and stratified by gender. Unadjusted and adjusted (i.e., multivariable) logistic regression models estimating odds ratios and 95% CIs of cancer separately for each of the ACE measures. Each model included an ACE item and confounders were included in multivariable models. These analyses were then repeated, stratifying by gender. Table 1 shows the weighted means and frequencies of the sample, along with unweighted sample sizes. Six percent of respondents had received a diagnosis of cancer in their lifetime. The most commonly reported ACE was emotional abuse and the least commonly reported adversity was living with a drug user. Respondents were predominantly non-Latino White with around one-half of the sample being women. On average, respondents were in their mid 40s and had completed more than a high school education. Nearly 40% of respondents had ever smoked in their lifetimes. Table 1 also shows sample characteristics by gender. Women had higher rates of most ACEs relative to men. Women also had higher rates of cancer. Compared with women, men were slightly younger, slightly fewer were White, and slightly more identified as Asian. More men reported being ever smokers than did women. Table 2 shows unadjusted odds of cancer estimated for each of the ACE items. Each estimate in the table represents a different logistic regression model. Among the entire sample (model 1) reporting sexual abuse (OR ¼ 1.53; 95% CI ¼ 1.30-1.81) and having parents who were separated or divorced (OR ¼ 0.77; 95% CI ¼ 0.65-0.89) were each associated with odds of cancer. Table 3 shows the estimated odds of cancer related to each of the ACEs items, while also accounting for potential confounders. Among the entire sample (model 1) reporting physical abuse (AOR ¼ 1.31; 95% CI ¼ 1.11-1.55), sexual abuse (AOR ¼ 1.63; 95% CI ¼ 1.36-1.94), emotional abuse (AOR ¼ 1.34; 95% CI ¼ 1.18-1.53), having lived with someone who was mentally ill (AOR ¼ 1.36; 95% CI ¼ 1.14-1.61), having lived with a problem drinker (AOR ¼ 1.22; 95% CI ¼ 1.07-1.40), having lived with a drug user (AOR ¼ 1.52; 95% CI ¼ 1.21-1.91), and having lived with adults who treated each other violently (AOR ¼ 1.19; 95% CI ¼ 1.02-1.40) were each associated with a higher odds of cancer.
Results
ACEs and Cancer among All Respondents
ACEs and Cancer among Women
In unadjusted models, among women (Table 2, model 2), reporting sexual abuse (OR ¼ 1.44; 95% CI ¼ 1.21-1.70) and having lived with a problem drinker (OR ¼ 1.28; 95% CI ¼ 1.09-1.49) were each associated with higher odds of cancer. Having parents who were separated or divorced was associated with lower odds of cancer (OR ¼ 0.82; 95% CI ¼ 0.69-0.79).
In adjusted models, among women (Table 3 , model 2), reporting physical abuse (AOR ¼ 1.35; 95% CI ¼ 1.12-1.63), sexual abuse (AOR ¼ 1.49; 95% CI ¼ 1.25-1.78), emotional abuse (AOR ¼ 1.27; 95% CI ¼ 1.09-1.48), having lived with someone who was mentally ill (AOR ¼ 1.26; 95% CI ¼ 1.05-1.51), having lived with a problem drinker (AOR ¼ 1.34; 95% CI ¼ 1.13-1.59), having lived with a drug user (AOR ¼ 1.68; 95% CI ¼ 1.29-2.19), or having lived with adults who treated each other violently (AOR ¼ 1.25; 95% CI ¼ 1.03-1.52) were each associated with higher odds of cancer.
ACEs and Cancer among Men
In unadjusted models, among men (Table 2, model 3), having lived with a problem drinker (OR ¼ 0.76; 95% CI ¼ 0.62-0.94), having lived with a drug user (OR ¼ 0.56; 95% CI ¼ 0.36-0.87), having parents who were separated or divorced (OR ¼ 0.69; 95% CI ¼ 0.51-0.92), and having lived with adults who treated each other violently (OR ¼ 0.75; 95% CI ¼ 0.58-0.97) were each associated with lower odds of cancer. In adjusted models, among men (Table 3 , model 3) reporting emotional abuse (AOR ¼ 1.41; 95% CI ¼ 1.13-1.77) was associated with a higher odds of cancer.
Discussion
This study of adults living in 10 U.S. states suggests that most ACEs were associated with cancer risk. In adjusted models among all respondents, only having parents who were separated or divorced was not associated with cancer, which is consistent with arguments made that this specific ACE item may have become more normative over time, and thus less deleterious (Finkelhor et al., 2015) . Furthermore, because divorce may, in some cases, result in removing a child from contexts in which other ACEs occur, it is not surprising that this item was not associated with cancer. This study expands on previous research showing an association between ACEs and cancer, by demonstrating that summing items into a scale or creating categorical measures of ACEs (i.e., some ACEs versus no ACEs) obscures the relative importance of individual experiences.
Importantly, unadjusted models showed that only two ACEs were associated with cancer (i.e., sexual abuse and having parents who were separated or divorced) among all participants. Having parents who were separated or divorced was related to a lower odds of cancer. This seemingly "protective" effect was also seen in unadjusted models for men and women. Also, in unadjusted models for men, four ACE items were associated with a lower odds of cancer (living with a problem drinker, living with a drug user, living with parents who were separated or divorced, and living in a household where adults treated each other violently). However, adjusting for age rendered these "protective" effects null or reversed their direction, suggesting that age may influence recall of adversity or that people who live into later life with a history of ACEs are different than those who do not.
There are several hypothesized behavioral and socioeconomic pathways by which abuse may increase cancer risk. Child abuse has been associated with higher rates of risky health behaviors (Kendall-Tackett, 2002) as a means of self-medicating (Repetti, Taylor, & Seeman, 2002) . For example, child abuse has been associated with increased use of cigarette smoking (Alcal a, von Ehrenstein, et al., 2016) , a well-established cause of cancer (Sasco, Secretan, & Straif, 2004) . Similarly, women who experience sexual or physical abuse have a lower odds of being compliant with cervical cancer screening guidelines (Alcal a, Mitchell, et al., 2016) , suggesting that abused individuals eschew services that can detect and treat precancerous lesions. Also, as other investigators have argued, ACEs can also influence risk for cancer by leading to lower socioeconomic status (Alcal a, (Boden, Horwood, & Fergusson, 2007) , higher unemployment, and lower earnings (Currie & Spatz Widom, 2010) . Lower socioeconomic status has been associated with an increased incidence of certain types of cancers (Clegg et al., 2009 ) and may lead to delayed detection and clinical resolution (Rodday et al., 2015) . Moreover, socioeconomic disadvantage relates to occupations with higher levels of carcinogens such as asbestos, silica, ultraviolet radiation from the sun, and diesel exhaust (Rushton et al., 2012) .
There are also potential biological pathways by which ACEs can increase risk for cancer. Experiences of adversity can lead to altered biological stress response, suppressed immune function, exaggerated inflammatory responses, and epigenetic changes (Kelly-Irving, Mabile, Grosclaude, Lang, & Delpierre, 2013) . At the cellular level, available evidence suggest that exposure to violence during childhood is associated with increased rates of cellular aging (as measured by erosion of telomeres; Shalev et al., 2013) , which may reduce a cell's ability to repair damage that can lead to cancer initiation and progression. More broadly, exposure to chronic stressors like ACEs have been related to abnormal levels of stress hormones (i.e., norepinephrine and epinephrine), which stimulate the growth of blood vessels and promote both cell migration and invasion (Moreno-Smith, Lutgendorf, & Sood, 2010) . These processes are critical for the growth of cancerous cells. Also, as noted, sexual abuse may involve exposure to viruses that are linked to cancers. Although we had no data to examine the potentially underlying biological mechanisms in the present study, only sexual abuse is likely to trigger all of the suggested pathways, which may explain the relative strength of this association compared with all other ACE items.
In addition, the present study suggests gender differences in the impact of ACEs. All but one ACE item (having parents who were separated or divorced) was associated with increased odds of cancer among women. Among men, only emotional abuse was associated with an increased odds of cancer. Two different hypothesized reasons explaining the observed gender differences exist: differential exposure and differential vulnerability (Denton, Prus, & Walters, 2004) . In the context of sexual abuse, both mechanisms are likely involved. First, because women report equal or higher rates of childhood sexual abuse relative to men, women are at greater risk of exposure. Also, women report greater intensity of sexual abuse than men (Ullman & Filipas, 2005) . Second, because women are at risk for one of the most common virally associated cancers (i.e., cervical cancer) women are also more susceptible to the potentially carcinogenic impacts of sexual abuse than men. This vulnerability can be amplified by gender-specific patterns of responses and reactions to sexual abuse. Namely, female survivors of sexual abuse report greater rates of distress, self-blame, intrusive thoughts, hyperarousal, sexual anxiety, personal vulnerability, and perceiving the world as a dangerous place after abuse than do men (Feiring, Taska, & Lewis, 1999; Ullman & Filipas, 2005) . However, additional research is needed to examine the gender-specific burden and impact of other ACEs, in order to understand why ACEs seem to be more harmful for women than men.
This study has several limitations to consider when interpreting results. Owing to the cross-sectional nature of the study, the timing of events is based on recall. However, reverse causality is unlikely because ACEs will typically precede cancer, a disease frequently manifesting later in life. However, the data did not allow us to determine when a respondent was diagnosed with cancer, which limits our ability to exclude cases in which cancer preceded adversity. We cannot exclude the possibility of recall bias, such that cancer cases overreport ACEs; however, owing to the long latency and relative rarity of cancer, large-scale prospective studies that would prevent such bias have not been conducted to date. The BRFSS is designed to be representative of the underlying population, but nonresponse bias has been a reported problem (Schneider, Clark, Rakowski, & Lapane, 2012) . In addition, ACEs measures included in the BRFSS are limited. More detailed information about the context of ACEs would have been useful, including who the abuser was and the age at which the ACE experienced occurred. Relatedly, information about the greater childhood context (i.e., childhood socioeconomic status) is important, but unavailable in the BRFSS. Also, given the nature of the BRFSS data, no site-specific analyses of cancer can be undertaken, outside of skin cancer. As such, all non-skin cancer conditions were treated as identical and interchangeable. This is certainly not the case. Cancer is a very heterogeneous disease (Tu, 2010) that has a variety of causes, courses, and treatment options.
Implications for Practice and/or Policy
Limitations notwithstanding, this large study representing a diverse selection of U.S. states suggests that ACEs may not be equally detrimental for both genders. Efforts to mitigate the impact of ACEs should keep these disparities in mind. For example, recent research has shown that women who are victims of sexual abuse as children are less likely to be currently compliant with cervical cancer screening recommendations (Alcal a, Mitchell, et al., 2016) . As a result, women who are survivors of sexual abuse may be targeted with interventions aimed to increase compliance with screening recommendations. Because cervical cancer screening may be invasive and traumatizing for women, clinicians may offer women who are refusing Pap smears the option to self-collect human papilloma virus specimens (Garcia, Lothamer, & Mitchell, 2016) . Also, because women seem to be more negatively impacted by the consequences of ACEs, agencies that deal with populations with a high-risk for ACEs, like Child Protective Services, should consider providing targeted services for girls that both help them deal with trauma and alter patterns of risky health behaviors.
